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(57) Abstract 

A control assembly includes a positioner/actuator and a control valve. The positioner/actuator includes a valve actuator and a positioner 
for conuolling actuator position and speed in response to a control signal. The control valve has a charactcrisdc flow rate as a function of 
time. The positioner may include an electronic control circuit for modifying the travel speed of the actuator to produce a desired flow rate 
as a function of time. The positioner nuy determine an error between a desired actuator positicHi and an actual actuator position and apply 
a correction signal to reduce the error. The correction signal is asymmetric with respect to error polarity. ^ ^ 
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L VALVE POSITTONVRS HA VTNO TMPROW.D QPFP ATTNH 



Field QfThi> TnvPnt^i^p 

This invention relates to control valve assemblies which include a control valve, a valve 
actuator and a valve positioner, and, more particularly, to control valve assemblies which provide 
improved performance in process control systems. 



Backgronnd Of The InvcnHon 

10 Control valve assemblies are commonly used in process control systems. The control 

valve assembly is typically part of a feedback loop including a process controller and a sensor. 
The process controller establishes a set point for the process, and the sensor senses a parameter 
that is dependent on the flow rate of the control valve. When the sensed parameter differs from a 
desired value, the process controller provides a control signal to the control valve assembly to 

15 change the flow rate and thereby reduce deviations from the desired parameter value. 

A control valve a^embly includes a control valve, a valve actuator and a vaTve 
positioner. The control valve may have a variety of configurations, including but not limited to 
rotary valves, butterfly valves and globe valves. The valve positioner receives an electrical 
control signal fix)m the process controller and provides an actuator signal to the valve actuator. 

20 Xg. i^vsitioner may receive an analog sigii>.' : ^iigital signal from the process controller. The 
valve actuator mechanically controls the valve position. Pneumatic actuators may control valve 
position in response to controlled air pressure. The air pressure, in turn, may be controlled by a 
solenoid valve or a piezoelectric device. In a digital positioner, the pneumatic actuator is 
controlled by air pulses at a prescribed pulse rate. Current-to-pneumatic actuators may also be 

25 Utilized. '^^^ ' . 

ThebiNsmtu^ characteristics of the control valve assembly are an important factor in the 
overall performance of the process control system. Generally, the control valve should provide 
relatively uniform performance over a range of operating conditions and should not adversely 
affect the stability of tiie process control system. One parameter of importance is the gain of the 

30 control valve assembly, defined as the change in flow rate for a given change in the control, 
signal. Preferably the gain should be constant or nearly constant over the operating range of the 
control valve. However, different types of control valves exhibit different, often non-linear 
changes in flow rate as a function of change in actuator position. It is known to pto^e a valve 
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positioner having a non-linear characteristic which compensates for the non-linear characteristic 
of the control valve and provides a linear overall relation between flow rate and control signal. 

The gain of the control valve assembly is a static characteristic. Dynamic behavior must 
also be taken into consideration. Typically, prior art control valves have been operated at 
5 constant speed, often resulting in a non-linear change in flow rate as a function of time. For 
example, the flow rate may change rapidly near the low end of the control signal range but may 
change slowly near the upper end of the control signal range, despite the fact that the actuator 
speed is constant. Such characteristics may adversely affect the perfonnance of the process 
control system. For example, the stability of the process control system may be adversely 
10 affected if the control valve assembly reacts slowly under some conditions and rapidly under 
other conditions. 

The control valve assembly should react quickly to control signals which require a 
change in control valve flow rate. Thus,*as described above, the positioner typically operates the 
actuator at or near maximum speed. To avoid overshoot of the desired flow rate, the speed is 

15 typically reduced as the valve approaches the desired flow rate. In a distal positioner, this is 
accomplished by reducing the pulse rate of the air pulses supplied to the pneumatic actuator. 
Despite this approach, overshoot may occur. For some values of phase shift in the process 
control feedback loop, unstable operation may result. U.S. Patent No. 3,906,196 issued 
September 1 ^ 1975 to Spitz discloses a feedback syste:: i. 'therein a control sigiial is a non-linear 

20 function of a^ift\»*-i>ignal. The non-linear function iss^u ; :vcal with respect to erroi i^ofeity. 

Accordingly, it is desirable to provide control valve assemblies wherein one or more of 
the above drawbacks are overcome. 

Snmmflrv Of The Tnvfintinn 

25 Aomding to a first aspect of the invention, a control valve assembly is provided. The 

control valve asseoiibly comprises a positioner/actuator and a control valve. The 
positioner/actuator comprises a valve actuator having an actuator position and a positioner for 
controlling the actuator position. The control valve has a characteristic flow rate as a function of 
tune in response to a constant travel speed of the actuator. The positioner inclxides an electronic 

30 control circuit for modifying the travel speed of the actuator as a function of tune to produce a 
desired flow rate as a function of time in response to a specified control signal. 
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actuator to produce an approximately linear change in flow rate as a function of time. In one 
embodiment, the electronic control circxiit provides pulses to the actuator and modifies the travel 
speed of the actuator by changing the pulse rate of the pulses supplied to the actuator. 

According to another aspect of the mvention, a control valve assembly is provided. The 
5 control valve assembly comprises a positioner/actuator and a control valve. The 

positioner/actuator comprises a valve actuator having an actuator position and a positioner for 
controlling the actuator position in response to a control signal. The control valve has a 
characteristic flow rate as a function of the actuator position. The positioner comprises means 
for determining an error between a desired actuator position and an actual actuator position and 
10 means responsive to the error for ^plying a correction signal to the actuator to reduce the error. 
The correction signal has a first characteristic when the error is positive and a second 
characteristic when the error is negative. The furst and second characteristics of the correction 
signal are different. 

In one embodiment, the positioner provides pulses to the actuator. The correction signal 
15 has a first pulse rale as a function of error when the error is positive and a second pulse rate as a 
function of error when the error is negative. The pulse rate as a function of error is different for 
positive and negative errors. Preferably, the pulse rate as a function of error is non-linear. 

Bpef p<>gyription Qf The growings 
20 _ For a better understd^Gi%i^6? the present invention, reference is x^^^ivtb the 
accompanying drawings, which are incorporated herein by reference and in which: 

Fig. I is a block digram of a process control system incorporating a control valve 
assembly in accordance with the present invention; 

Fig. 2 is a schematic block diagram of the process control system, illustrating parameters 
25 that affect ^^S^opersdon; 

Fig;^3)kjs a graph of flow rate as a function of actuator position for a prior art control 
valve assembly; 

Fig. 3B is a gr^h of actuator position as a function of control signal for a prior art control 
valve assembly; 

30 Fig. 3C is a graph of flow rate as a function of control signal for a prior art control valve 

assembly; 

Fig. 3D is a graph of percent control signal and actuator speed as a function of time for a 
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prior art control valve assembly; 

Fig. 3E is a graph of actuator speed as a function of control signal for a prior art control 
valve assembly; 

Fig. 3F is a gr^h of flow rate as a function of time for a prior art control valve assembly; 
5 Fig. 4A is a graph of percent control signal and actuator speed as a function of time for a 

control valve assembly in accordance with a first aspect of the invention; 

Fig. 4B is a graph of flow rate as 'a function of time for a control valve assembly in 
accordance with the invention; 

Fig. 4C is a gr^h of actuator speed as a function of control signal for a control valve 
10 assembly in accordance with the invention; 

Fig. 5 is a graph of flow rate as a function of percent control signal for control valve 
assemblies with and without modification of positioner gain; 

Fig. 6 is a graph of flow rate as a function of time for a control valve assembly utilizing 
constant actuator speed and for a control valve assembly using modified actuator speed in 
1 5 accordance with the present invention; 

Fig. 7 is a block diagram of a positioner/actuator, illustrating a second aspect of the 
invention; 

Fig. 8 is a graph of pulse rate as a function of error, wherein the pulse rate is an 
asymmetric function of error, 
20 Fig. 9 is a graph of control signtf ak^ V/i^ ;'»t:or position as a function of time, ili^ - - ■ -"rng 

unstable behavior in a prior art control valve assembly; and 

Fig. 10 is a graph of a control signal and actuator position as a function of time, 
illustrating stable behavior using the asymmetric correction function of the present invention. 

25 " Detailed DescHprinn 

A blodL diagram of a process control system is shown in Fig. 1 . A control valve 
assembly 10 controls a liquid or gas flow in a process being controlled. The control valve 
assembly 10 receives a control signal Si fiom a process controller 12. The process controller 12 
receives from an operator or other external source a set point that establishes a flow rate for the 

30 control valve assembly. A sensor 14 senses a flow rate or other parameter of interest and 

provides a sensor signal to the process controller 12. The sensor 14 may sense the flow rate of 
the control valve assembly 1 0 or another parameter in the process that is a function of the control 
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valve flow rale. The process controller 12 processes the sensor signal and the set point and 
provides the control signal to the control valve assembly 10 to maintain a desired operating 
condition. The control valve assembly 10, the process controller 12 and the sensor 14 constitute 
a process control loop. In a simple example, the process controller 12 may maintain a constant 
5 flow rate despite varying conditions in the process being controlled. It will be understood that in 
a typical process control system, the process controller 12 controls multiple control valves and 
other components associated with the process. 

The control valve assembly 10 includes a positioner/actuator 20 and a control valve 22. 
The control valve 22 may have a variety of sizes and configurations. For example, the control 

10 valve 22 may be a rotary valve, a butterfly valve, or a globe valve. The positioner/actuator 20 
includes a valve actuator for mechanically controlling the flow rate of control valve 22. Actuator 
operation is characterized by an actuator position and an actuator speed. Pneumatic actuators are 
conmionly utilized. A positioner controls the actuator position and speed in response to an 
electrical control signal. In a typical example, the positioner converts the electrical control signal 

15 to a series of air pulses for controlling the pneumatic actuator. Control valve assemblies are 
generally known in the art and are commercially available. An example of a control valve 
assembly suitable for incorporation of the present invention is the model 2400S, manufactured 
and sold by H.D. Baumann, Inc. 

A schematic block diagram that represents th^parameters of the process control system 

20 of Fig. 1 is shown in Fig. 2. The system is characterii^.i:!;;^' ^itiqJroUer 1 2 parameters including 
controller derivative time 30, controller integral time 32 and controller proportional band 34. 
The control valve assembly 10 is characterized by a control valve gain 40, a control valve 
deadtime 42 and a control valve time constant 44, The control valve gain is the change in flow 
rate for a given change in control signal. The control valve deadtime is a delay in responding to 

25 the conmjF^g^ typically caused by friction in the control valve 22. The control valve time 
constant is'the^time required to effect a two thirds change in flow rate in response to a control 
signal change over the full span. The process is characterized by a process gain SO, a process 
deadtime 52 and a process time constant 54. A transmitter 60 (sensor) supplies a sensor signal 
from the process to the controller. The controller compares the sensor signal with a set point and 

30 provides the control signal to the control valve assembly to control the operation of the control 
valve. It will be understood that the parameters shown in Fig. 2 affect the operation and stability 
of the process control system. 

' \ 
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A graph of flow rate as a function of actuator position for a typical control valve is 
illustrated in Fig. 3 A as curve 100. Quite often and by way of illustration, the flow rate is a non- 
linear function of actuator position. The characteristic curve may be different for different 
control valve types. Preferably, the flow rate of the control valve assembly is a linear function of 
the control signal Sj to ensure stable and uniform operation over a range of flow rates. 
Accordingly, the actuator position may be a non-linear function of control signal, as illustrated 
by curve 102 in Fig. 3B. The curve 102 is selected to compensate for the non-linearity of the 
control valve characteristic (curve 100). The resulting flow rate is a linear function of control 
signal, as illustrated by curve 104 in Fig. 3C. Figs. 3A-3C illustrate linearization of the gain of 
the control valve assembly. 

The non-linear actuator position as a function of control signal, curve 102, may be 
implemented in an electronic circuit that converts the control signal to an actuator input such as 
air pulses. In other embodiments, the curve 102 may be implemented mechanically, such as, for 
example, by a cam in the control valve. 

Another parameter of importance in the operation of the control valve assembly is 
actuator speed. As shown in Fig. 3D, the actuator is typically operated at constant speed, as 
represented by curve 120, independent of the percent control signal. (At zero percent control 
signal, the valve is fully closed, and at 100 percent control signal, the valve is fiilly open.) For a 
control signal that increases with time, as represented by curve 122;.fhe actuator speed is 
constant at or near maximmn actuator speed. Constant actuator speed iW; ^^ rfe^ijCition of control 
signal is illustrated in Fig. 3E as curve 124. Constant actuator speed may produce a flow rate 
that is a non-linear function of tune, as illustrated by curve 130 in Fig. 3F. According to curve 
130, the flow rate increases rapidly ^en the control signal is first applied, and then increases 
more slowly as the valve opens. The reverse is true when the control signal causes the flow rate 
to decrease*? Tliis non-linear flow rate as a function of time may be undesirable in some process 
control systons. The control valve assembly responds relatively rapidly to control signals near 
the low end of the control signal range and relatively slowly to control signals near the upper end 
of the control signal range. As a result, the process control system exhibits non-uniform 
behavior and may be'imstable imder certain conditions. Ideally, it is desirable to maintain an 
approximately constant ratio of the time constant of the process to the time constant of the 
control valve assembly. 

According to a first aspect of the invention, the actuator speed is modified to provide a 
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desired flow rate as a function of time and control signal, as illustrated in Figs. 4A-4C. In Fig. 
4A, a linearly increasing control signal as a function of time is represented by curve 1 50. The 
control signal may vary between zero and 100 percent. The actuator speed as a function of time, 
represented by curve 152, starts at a relatively low value when the control signal is first applied 
5 and increases with time until the maximum actuator speed is reached. The shape of curve 1 52 is 
selected to provide a desired flow rate as a function of time. In the example of Fig. 3F, the flow 
rate increases rapidly following application of a control signal and then increases more slowly 
with increasing time. The actuator speed as a function of time (curve 152) may be selected to 
compensate for the nonlinearity of curve 130 in Fig. 3F and thereby provide a substantially linear 

10 flow rate as a function of time, as indicated by curve 154 in Fig, 4B. The curves 130 and 152 
may, for example, be parabolas having inverse parameters which together produce a linear flow 
rate as a function of time. 

It may be observed that the actuator speed is initially low according to curve 1 52 in Fig. 
4A and increases to maximum speed, whereas the prior art configuration utilized the constant 

15 maximum speed. Accordingly, the modified actuator speed shown in Fig. 4 A requires a longer 
time to reach a given flow rate than the prior art configuration. However, the configuration of 
Figs. 4 A and 4B exhibits uniform behavior and does not adversely affect the stability of the 
process control system. 

Fig. 4A illustrates a change in control signal between zero and 100 percent In most 

20 applications, the control signal may vary by 10% or less about a desired value in n.^pr^irmig to 
the feedback loop of the process control system. Thus, it is appropriate to consider actuator 
speed as a function of control signal, as shown in Fig. 4C. The actuator speed is modified as a 
function of control signal according to curve 160. For small values of control signal, the actuator 
speed is relatively small, and for larger values of control signal, the actuator speed approaches 

25 and may reach maximum actuator speed. The curve 160 is selected to provide a desired response 
of the control valve* The curve 160 may have any desired shape between zero and maximum 
actuator speed 

It will be understood that the flow rate characteristic of the control valve as a function of 
time may be different for different valve types. Furthermore, the desired flow rate as a function 
30 of time is not necessarily linear. Accordingly, the modified actuator speed as a function of time 
may have any desired characteristic. The actuator speed does not necessarily increase with time, 
as illustrated by curve 152, and does not necessarily increase with control signal, as illustrated by 
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curve 160. In general, the actuator speed is varied between zero and maximum actuator speed to 
produce a desired flow rate as a function of time for a given control valve characteristic. 

The desired actuator speed as a function of time and actuator speed as a function of 
control signal curves may easily be implemented in conventional electronic circuitry. In the 

5 positioner/actuator 20 (Fig. 1), for example, a lookup table containing the desired actuator speeds 
may be implemented as a read-only memory (ROM). The ROM is addressed by the value of 
control signal, and the output value from the ROM corresponds to the desired actuator speed. 
The relationship between input addresses and ou^ut values represents the desired actuator speed 
as a function of control signal. The actuator speeds output fix)m the table are used to control the 

10 actuator, for example, by varying the pulse rate supplied to the actuator. Other implementations 
of the modified actuator speed will be apparent to those skilled in the art. For example, the speed 
may be effected by the rate of current input to an analog current-to-air pressure converter. 

An example is now described with reference to Figs. 5 and 6. In Fig. 5, flow rate is 
plotted as a function of percent control signal. Curve 170 represents the flow rate as a function 

15 of percent control signal, where the control signal is unmodified. It may be observed that the 
slope of curve 170 varies considerably over the range of zero to 100% control signal. The flow 
rate is a relatively non-linear function of control signal and saturates at large values of control 
signal. Curve 1 72 represents the flow rate as a function of percent control signal, vy^ere the 
signal supplied to the actuator has been modified to improve linearity. In particular, the actuator 

20 signal So is modified in accordance with So=0.9(Si)^ The variation in the slope of the flow rate 
curve 172 is considerably less than the variation in slope of curve 170. Accordingly, the control 
valve characteristic has been substantially linearized. 

Fig. 6 shows the variation and flow rate as a function of time, using the data from curve 
172 of Fig. 5, vAere the control valve normally travels from zero to 100 percent within 5.7 

25 seconds. It?is assumed that the actuator travel speed is constant for curve 1 80, This assumption 
is not dways^accuxke, and depends on the positioner type, the air supply for a pneimiatic 
positioner, and other variables. As indicated by curve 180 in Fig. 6, regardless of static gain 
adjustments shown in curve 172 of Fig. 5, the rate of change of flow as a function of time is 
extremely non-linear: For example, it takes only one second to change the flow from 0 to 1 12 

30 cubic meters per hour, but three seconds to change from 2 1 8 cubic meters per hour to 260 cubic 
meters per hour. The variation in time constant is roughly 18:1. This control loop is expected to 
be stable only in the flow range from 0 to 100 cubic meters per hour. 
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By modifying the actuator signal, the actuator speed is modified to compensate for the 
non-linearity of the control valve characteristic. In the example of Fig. 6, the actuator speed is 
selected to be 100/10[1.6-(0.0003So^)] in percentage travel per second, where So is expressed as a 
percentage of total signal span to the positioner device controlling the air output to the actuator. 
The modified actuator speed is represented in Fig. 6 by curve 182. The above equation yields 
unobtainable speeds above 60% actuator signal S^, so the maximum speed is limited to 17.4% of 
travel per second, the maximum obtainable speed of the actuator. The result is a dynamic flow 
characteristic in which the time constant does not vary by more than 2: 1 fi-om zero up to a flow 
rate of 240 cubic meters per hour, or up to 92% of the valve flow capacity. 

A second aspect of the invention is described with reference to Figs. 7-10. A portion of 
the positioner/actuator 20 (Fig. 1) is shown in Fig. 7. A control circuit 200 including a summing 
unit 202 and a correction signal generator 204 receives the control signal Si from the process 
controller 12 (Fig. 1) and provides up control pulses to a solenoid valve 210 and down control 
pulses to a solenoid valve 212. Control circuit 200 also receives an actuator position signal 
representative of actual actuator position. The solenoid valves 210 and 212 control up and down 
air piilses supplied to a control valve actuator 214 in response to the up and down control pulses, 
respectively. The control valve actuator 214 controls the actuator position in response to the up 
and down air pulses. More specifically, up pulses increase the control valve flow rate and down 
pulses decrease the control valve flow rate. 

In operation, the summing unit 202 subtracts the actuator position signal fix)m the control 
signal and determines rtrreitor signal representative of the dififererice between the desired and 
actual actuator positions. The correction signal generator 204 generates up or down control 
pulses in response to the error signal. The pulse rate is a function of the error, as described in 
detail below. Each solenoid valve 21 0 and 2 12 receives pressurized air from an air supply and 
supplies air pulses to the control valve actuator 214 in response to the respective control pulses. 
The pulse rate of the air pulses corresponds to the rate of the respective control pulses. The air 
pulses cause the actuator position to change in a direction that reduces the error. 

In prior art systems, the correction signal which reduced the error between the control 
signal and the actual actuator position was typically a non-linear function of error. In particular, 
the correction signal was typically large for large enors and small for small errors. Furthermore, 
the correction signal as a function of error was syrrunetrical with respect to error polarity. Thus, 
positive and negative errors of equal magnitude produced correction sigrials of equal magnitude. 
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The prior art configuration reduced overshoot but was subject to oscillation about the desired 
actuator position where the process control loop had a phase shift at or near 180**. As shown m 
Fig. 9, the actuator position, represented by curve 230, may be out of phase with the control 
signal, represented by curve 232, producing unstable behavior. 
5 In accordance with the invention, the correction signal is preferably a non-linear function 

of error and is asymmetrical with respect to error polarity. An example of an asymmetric 
correction signal is plotted as a function of error in Fig. 8. The correction signal is represented 
by the pulse rate supplied to the control valve actuator 214. A correction signal function is 
represented by curve 240. The correction signal function 240 includes a first correction signal 

10 segment 242 where the error is positive and a second correction signal segment 244 where the 
error is negative. Each of the correction signal segments 242 and 244 is non-linear and has small 
values near zero error. Thus, for error values between about -1 and +1 .5, the correction signal is 
zero or near zero. This effectively creates a deadband that reduces the tendency for oscillation 
about the desired valve position. Each of the correction signal segments 242 and 244 increases 

15 rapidly outside the deadband However, the correction signal segments 242 and 244 are 

different, i.e., asynunetrical about zero error. Thus, for example, an error of +3 produces a pulse 
rate of about 2 in accordance with segment 242 and an error of -3 produces a pulse rate of about - 
4 in accordance with segment 244. 

The effect of the asynmietric correction signal is to reduce the risk of xinstable behavior. 

20 trr M^ticular, any oscillation tends to be rapidly damped using the asymmetric correction signal. 
Referring to Fig. 10, a sinusoidal' cehtrol signal 250 produces actuator travel as represented by 
curve 252. It may be observed that any oscillation is rapidly damped in the feedback loop of the 
process control system. 

The asymmetric correction signal shown in Fig. 8 and described above may easily be 

25 implemented in Ae correction signal generator 204 of Fig. 7. For example, each error value may 
be used to address.a look-i?) table implemented as a ROM. Positive error values address 
portions of the table ^ch output values corresponding to correction signal segment 242 of Fig. 
8. Negative error values address portions of the table ^^iuch output values corresponding to 
correction signal segment 244 of Fig. 8. The respective output values control the rate of up 

30 control pulses or down control pulses supplied to the respective solenoid valves 210 and 212. It 
will be understood that other implementations may be utilized within the scope of the mvention. 
It will be understood that the correction signal function illustrated in Fig. 8 is only one 

- ' \ 
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example of a suitable asymmetric correction signal. In general, the correction signal function is 
preferably non-linear and is asymmetric with respect to error polarity. The asymmetric 
correction signal function has different correction signal curves for positive and negative error 
values. In one example, the pulse rate R may be represented as R=(e.x)", where e represents the 

5 positioning error in percent, x is an adjustable deadband and n is an adjustable exponent selected 
to match stability needs. The deadband x should be more than the minimum pulse width of the 
device. This function produces two different slew speeds above and below the set pomt. For 
example, when the error is -2 % and with n=2 and x=l%, the pulse rate is (-2-1)^ ==9. However, 
when the error is +2% and the pulse rate is (+2-1^ = 1 . This non-linear response improves 

1 0 positioner stability. 

While there have been shown and described what are at present considered the preferred 
embodiments of the present invention, it will be obvious to those skilled in the art that various 
changes and modifications may be made therein without departing from the scope of the 
invention as defined by the appended claims. 

15 
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CLAIMS 



A control valve assembly comprising: 



10 



15 



25 



a positioner/actuator comprising a valve actuator having an actuator position and a 
positioner for controlling said actuator position; and 

a control valve having a characteristic flow rate as a function of time in response to a 
constant travel speed of said actuator, said positioner including an electronic control circuit for 
modifying the travel speed of said actuator as a function of time to produce a desired flow rate as 
a function of time in response to a specified control signal. 

2. A control valve assembly as defined in claim 1, wherein said electronic control circuit 
includes means for modifying the travel speed of said actuator to produce an approximately 
linear change in flow rate as a function of time. 

3. A control valve assembly as defined in claim 1 , wherein said electronic control circuit 
further comprises means for modifying said actuator position as a function of said control signal 
to produce a predetermined flow rate as a function of said control signal. 

4. A control valve assembly as defined in claim 3, wherein said predetermined flow rate is 
an approximately linear function of said control signal. 

5. A control valve asse^t^Jy as defined in claim 1 , wheitiu-^said electronic control circuit . 
provides pulses to said actuator and includes means for modifying the travel speed of said 
actuator by changing a pulse rate of the pdses supplied to said actuator. 

6. A oqntrol valve assembly comprising: 

a.i^&w^actuator comprising a valve actuator having an actuator position and a 
positioned for'controlling said actuator position in response to a control signal; and 

a control valve having a characteristic flow rate as a function of said actuator position, 
said positioner comprising means for determining an error between a desired actuator position 
and an actual actuator position and means responsive to said error for applying a correction 
signal to said actuator to reduce said error, said correction signal having a first characteristic 
when said error is positive and a second characteristic when said error is negative, wherein the 
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first and second characteristics of said correction signal are different 
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7. A control valve assembly as defined in claim 6, wherein said positioner provides pulses 
to said actuator and v\^herein said first and second characteristics each comprise a pulse rate of the 

5 pulses supplied to said actuator. 

8. A control valve assembly as defined in claim 7, wherein said pulse rate is given by R = 
(e-x)", where e represents said error in percent, x is a deadband, and n is an exponent selected to 
match stability requirements. 

10 

9. A control valve assembly as defined in claim 6, wherein said first and second 
characteristics each comprise a correction signal magnitude supplied to said actuator. 

1 0. A control valve assembly as defined in claim 6, wherein said first and second 
15 characteristics each comprise a nonlinear function of said error. 

11. A control valve assembly comprising: 

a positioner/actuator comprising a valve actuator and a positioner for controlling actuator 
^ position and speed in response to a control signal; and 
20 ^> a control valve having a charactf Aow rate as a function cf said control signal, said 
positioner including an electronic control cirvuit for modifying the travel sp'<^:ilof said actuator 
as a function of said control signal to produce a desired flow rate as a function of time. 

12. A control valve assembly as defined in claim 1 1 , wherein said electronic control circuit 
25 includes means for modifying the travel speed of said actuator to produce an approximately 

linear change in flow rate as a function of time. 

13. A control valve assembly comprising: 

a positioner/actuator comprising a valve actuator and a positioner for controlling actuator 
30 position in response to a control signal; and 

a control valve having a characteristic flow rate as a function of said actuator position, 
said positioner comprising means for determining an error between a desired actuator position 
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and an actual actuator position and means responsive to said error for applying a correction 
signal to said actuator to reduce said error, said correction signal being asymmetric with respect 
to polarity of said error. 



5 14. A control valve assembly as defined in claim 1 3, wherein said correction signal 

comprises pulses supplied to said actuator at a rate R given by R=(e-x)", where e represents said 
error in percent, x is a deadband, and n is an exponent selected to match stability requirements. 

15. A control valve assembly as defined in claim 13, wherein said correction signal is a 

« 

1 0 nonlinear function of said error. 

16. In a control valve assembly comprising a positioner/actuator including a valve actuator 
and a positioner for controlling actuator position and actuator speed in response to a control 
signal, and a control valve, a method for positioning said control valve comprising the step of: 

15 modifying the travel speed of said actuator as a function of said control signal to 

produce a desired flow rate as a function of time. 

17. In a control valve assembly comprising a positioner/actuator including a valve actuator 
and a positioner for controlling actuator position in response to a control signal, and a control 

20 valve, a mr->i^^'A#positioning said control vaKve coruj^x^^ the steps of: 

determining an error between a desired actuator position and an actual actuator position; 
generating a correction signal to reduce said error, said correction signal being an 
asymmetric function of error polarity; and 

applying said correction signal to said actuator. 
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